A survey on agents, causality and intelligence is presented and an equilibrium-based computing paradigm of quantum agents and quantum intelligence (QAQI) is proposed. In the survey, Aristotle's causality principle and its historical extensions by David Hume, Bertrand Russell, Lotfi Zadeh, Donald Rubin, Judea Pearl, Niels Bohr, Albert Einstein, David Bohm, and the causal set initiative are reviewed; bipolar dynamic logic (BDL) is introduced as a causal logic for bipolar inductive and deductive reasoning; bipolar quantum linear algebra (BQLA) is introduced as a causal algebra for quantum agent interaction and formation. Despite the widely held view that causality is undefinable with regularity, it is shown that equilibrium-based bipolar causality is logically definable using BDL and BQLA for causal inference in physical, social, biological, mental, and philosophical terms. This finding leads to the paradigm of QAQI where agents are modeled as quantum ensembles; intelligence is revealed as quantum intelligence. It is shown that the ensembles formation, mutation and interaction of agents can be described as direct or indirect results of quantum causality. Some fundamental laws of causation are presented for quantum agent entanglement and quantum intelligence. Applicability is illustrated; major challenges are identified in equilibrium based causal inference and quantum data mining.
Introduction
Causality denotes a necessary relationship between one event called cause and another event called effect which is the direct consequence of the cause. According to Aristotle, everything that begins to exist must have a cause for its existence. From a modern science perspective, however, since everything begins to exist as a collection of quantum particles at the fundamental level, every being or agent can be deemed a quantum agent (QA); any causality can be deemed quantum causality, and any intelligence should fundamentally be quantum in nature. Thus, all types of intelligence can be categorized into a more general genre which is named quantum intelligence (QI) in this work. Essentially, all subatomic particles and biological systems are quantum agents; both biological intelligence and artificial intelligence (AI) belong to QI.
Without making clear the cause-effect relation any science is incomplete. But in more than 2300 years since Aristotle established his causality principle, all truth-based systems failed to provide logically definable causality with regularity that can reveal the fundamental cause of being and change in general logical or mathematical forms (note: regularity in this work refers to such regularity). The dilemma has been identified and reiterated by a number of legendary figures, notably, by David th century Scottish philosopher and a founder of modern empiricism who challenged Aristotle's causality principle and claimed that causation is empirical in nature and irreducible to pure regularity [1] - [3] , Bertrand Russell-one of the founders of analytic philosophywho deemed the law of causality as "a relic of a bygone age" [4] , Niels Bohr-a father figure of quantum mechanics who asserted that a causal description of a quantum process cannot be attained and quantum mechanics has to content itself with particle-wave complementary descriptions [5] , and Lotfi Zadeh-founder of fuzzy logic-who bluntly asserted that "causality is undefinable" [6] (note: the authors acknowledge Lotfi Zadeh for his recognition [7] of the work [8] that leads to logically definable causality).
Despite the widely held view that causality is undefinable with regularity, it is shown in this paper that 1) equilibrium-based causality is logically definable with regularity and 2) such regularity leads to a ubiquitous computing paradigm of quantum agents and quantum intelligence (QAQI). Properties and applicability of the paradigm are assessed in causal inference; some inherent limitations and challenges are identified and discussed.
This work is organized into 6 sections. Following this introduction, Section 2 presents a survey on the notions of agents, causality, and intelligence. Section 3 introduces bipolar dynamic logic (BDL) as a causal logic and bipolar quantum linear algebra (BQLA) as a causal algebra that support equilibrium-based logically definable causality. Section 4 conceptualizes QAQI and presents causal structures and causal laws for the computing paradigm of QAQI. Section 5 identifies some major research challenges and applications. Section 6 draws a few conclusions and remarks.
Agents, Causality and Intelligence

Agents
Philosophically speaking, an agent is any entity that can act or exert power or influence to produce an effect. The agent concept is multifaceted which can be roughly classified into the following informal categories:
• A most popular view of an agent is the representative view. If you hire a lawyer, the lawyer becomes your agent. In an espionage movie, the major player must be a secret agent of certain agency or sometimes a free agent.
• If you are engaged in AI research you are aware of the concepts of intelligent agent, autonomous agent, and multiagent systems (MAS). Such agents can be intelligent software running on computers or roaming the World Wide Web (WWW) performing some user designated tasks such as online shopping. If the intelligent agents are autonomous robots, they may perform tasks in people's home or roam their designated territories in the air, on land, or on the ocean floor.
• If you are in physical sciences you are interested in chemical, biological, or physical agents at the molecular, genomic, particle, nanoparticle, and quantum levels. These agents are the major players of the microscopic worlds.
• In information science, researchers are concerned with the collection, classification, manipulation, storage, retrieval and dissemination of information about certain agents, their interaction, and organization. • In cognitive information science researchers investigate the natural intelligence and internal information processing mechanisms of the brain as well as the processes involved in perception and cognition in humans upon the movements of our body and our spirit can give us the impression of causality [1] : "No relationship is more inexplicable", Hume adds, "than that which exists between the faculties of thought and the essence of matter." To Hume, it is necessary to give up attributing any objective value to the idea of cause. But from where comes the idea of causality which undeniably exists? According to Hume it arises from a psychological fact formed in the following manner (cf. [19] ):
• Experience has shown that fact B has constantly followed fact A.
• This stability, never contradicted by experience, shows indeed that the two facts, A and B, are associated with one another, so that the one evokes the other.
• Through force of association there arises in me the trusting expectation, and hence the habit of expecting, that also in the future, and necessarily, granted fact A, fact B must follow.
• Thus the necessary connection is not a bond which regulates reality, but is a manner of feeling on the part of the subject, a new law which the subject places in regard to his impressions. Hume's critique on Aristotle's principle of causality is the first major challenge to the doctrine of science from an empiricist perspective. Hume's reasoning concludes with the collapse of all rational understanding and leads inevitably to skepticism, uncertainty or fuzziness. Nevertheless, Hume's view on causality has been widely accepted by the scientific community.
Bertrand Russell on Causality
Bertrand Russell was a well-known skeptic on ontological causation. A quote from his 1913 paper [4] reads: "The law of causality, I believe, like much that passes muster among philosophers, is a relic of a bygone age, surviving, like the monarchy, only because it is erroneously supposed to do no harm." Russell argued that the philosopher's concept of causation involving the law of universal determinism that every event has a cause as "otiose". He claimed that, in modern science, the "otiose" law has been replaced by functional relations that are not necessarily deterministic. Based on this view, Russell later proposed the concepts of "causal lines" and "quasi-permanence" for causal inference in epistemic terms but not ontological terms [20] .
Russell is recognized as a founder of analytic philosophy. On one hand, he strongly rejected the continental tradition of idealism. On the other hand, while empiricists claim that knowledge comes from experience, not pure reason, analytical empiricism as Russell described differs from empiricism "by its incorporation of mathematics and its development of a powerful logical technique". According to Russell "It is thus able, in regard to certain problems, to achieve definite answers, which have the quality of science rather than of philosophy. It has the advantage, in comparison with the philosophies of the system-builders, of being able to tackle its problems one at a time, instead of having to invent at one stroke a block theory of the whole universe. Its methods, in this respect, resemble those of science. I have no doubt that, in so far as philosophical knowledge is possible, it is by such methods that it must be sought; I have also no doubt that, by these methods, many ancient problems are completely soluble." ([21] , p. 834)
As an advocate of truth-based logical atomism, Russell holds that the world consists of ultimate logical "facts" (or "atoms") that cannot be broken down any further. He once believed that his logical atomism and analytical empiricism would be able to solve all kinds of problems. This led to his rejection of logical holism and philosophical system building in the quest for causality.
After Russell, a number of philosophers and logicians pursued logical and ontological causality. Notably, David Lewis proposed a counterfactual approach [22] ; John Mackie proposed INUS conditions-insufficient but non-redundant parts of a condition which is itself unnecessary but sufficient for the occurrence of the effect [23] ; Georg Henrik Von Wright wrote on the logic and epistemology of causal relation [24] . These influential works largely followed the being-centered and truth-based analytic philosophy. Now, in the 21 st century, faced with global economy, global warming and the non-locality of quantum entanglement, modern science seems to be in urgent need for logical holism and new philosophical thinking. As American philosopher Richard Rorty (1931 Rorty ( -2007 famously claimed ([25] , p. 5): "Truth cannot be out therecannot exist independently of the human mind-because sentences cannot so exist, or be out there. The world is out there, but descriptions of the world are not. Only descriptions of the world can be true or false. The world on its own-unaided by the describing activities of humans-cannot." Evidently, it is reasonable to ponder on the questions: If "Truth cannot be out there", is truth-based logical reasoning adequate for causal inference? Can dynamic equilibrium or non-equilibrium be out there? Would modern science ever embrace a new science phi-knowledge-based systems in artificial intelligence, Rubin's works have been leading in total number of citations in statistical analysis. While Pearl's book Causality: Models, Reasoning, and Inference [31] went beyond computer science and engineering and has made a major impact on the definability of causality, Rubin's causal model pioneered statistical assessment of cause and effect based on the conceptual framework of all potential outcomes and is widely used in the medical and social sciences.
Here we are focused on comparing logical and statistical approaches to causal modeling but not on the two competing statistical causal models. We randomly choose Pearl's book as an example for our comparison with logical approaches. Contrary to Zadeh's assertion that "Causality is undefinable", Judea Pearl's book Causality: Models, Reasoning, and Inference offers a complete axiomatic characterization-a structural causal model ( [31] , Ch 7). As Pearl described [32] where cause-effect relations are formed and improved through knowledge, experience and analysis but not on the basis of new logical development and philosophical system building. Furthermore, since any probabilistic certainty factor p can be deemed partial truth, the probabilistic approach is essentially truth-based. Therefore, probabilistic or statistical definability of causality, albeit very useful in causal inference, doesn't go beyond truth-based reasoning and doesn't attempt to answer the question: Is there a philosophically different fundamental causal logic system at the quantum level to be discovered?
Niels Bohr on Causality
Niels Bohr-a father figure of quantum mechanics-was the first to bring YinYang into quantum theory for his particle-wave complementarity principle. When Bohr was awarded the Order of the Elephant by the Danish government, he designed his own coat of arms which featured in the center a YinYang logo (or Taiji symbol) and the Latin motto "contraria sunt complementa" or "opposites are complementary" (Figure 1) . While Bohr's quantum mechanics recognized particle-wave complementarity, it stopped short of identifying the essence of YinYang bipolar coexistence. It can be argued that without bipolarity any complementarity is less fundamental due to the missing direct "opposites" (Figure 2 ) [9] [33] . If bipolar equilibrium is the most fundamental form of equilibrium, any multidimensional model of spacetime such as string theory and superstring theory cannot be most fundamental.
In brief, action-reaction, particle-antiparticle, negative-positive energies, input and output, or the Yin and Yang of nature in general could be the most fundamental unitary opposites of all beings. Man and woman, space and time, particle and wave, truth and falsity are dualities or dichotomies but not exactly unitary bipolar opposites. This could be the reason why Bohr found causal description of a quantum process unattainable and we have to content ourselves with particle-wave complementary descriptions [5] . It could also be the fundamental reason why quantum entanglement is still widely deemed a logical mystery until today and quantum computing so far cannot lend itself as an analytical paradigm for quantum intelligence even though it has shown great potential for solving some problems with high computation complexity (note: Newtonian action and reaction are equal opposites that are extended to include non-equal opposites to account for modern discoveries such as CP (Charge-Parity) violation).
Albert Einstein on Causality
According to Yemima Ben-Menahem [34] , Einstein's concept of causality is comprised of: (a) regularity; (b) locality; (c) symmetry considerations leading to conservation laws; (d) mutuality of causal interaction. It is well known that Einstein refused to accept Bohr's interpretation on quantum mechanics for its lack of locality, regularity and causality. This led to the Einstein-Bohr debate about the nature of reality which is often called the great debate of the 20th century. Einstein once called quantum entanglement "spooky action at a distance". Einstein, Podolsky, and Rosen challeged Bohr's Copenhagen interpretation with the famous EPR thought experiment (or EPR paradox) on quantum entanglement [35] . Until today in the 21 st century, the great debate is still unsettled and the EPR paradox is still unresolved, the mysterious quantum entanglement still finds no logical interpretation.
Einstein struggled with logically definable causality for his whole academic life and never wavered on finding a logical foundation for physics. He asserted [36] : "Physics constitutes a logical system of thought which is in a state of evolution, whose basis (principles) cannot be distilled, as it were, from experience by an inductive method, but can only be arrived at by free invention." He affirmed [37] : "Pure thought can grasp reality" and "Nature is the realization of the simplest conceivable mathematical ideas." He reasserted [38] A few conclusions can be drawn from the above quotes. First, the logic Einstein used was the truth-based formal logical system originated from Euclidean geometry. Secondly, the truth-based system does not provide logically definable causality with regularity. Thirdly, the causality he relied on was empirical causality that is not a formal logical system. Fourthly, what he sought was a formal causal system for the grant unification.
Although Einstein never believed in the theory of singularity and even regarded the theory as "bizarre", resisting the logic of his own theory right up to his death in 1955, his equations of general relativity did eventually lead to the flourish of singularity after his death following the discovery of black holes [14] . Based on singularity and partially observable truth, it is now a widely accepted theory that spacetime as well as the universe was created by a big bang and will end in one or more black holes. So far as we know, however, the big bang came from nowhere and caused by nothing; a black hole goes nowhere.
To reconcile the inconsistency between singularity and the second law of thermodynamics, Stephen Hawking proposed the remedy that a black hole should have particle and/or antiparticle emission or Hawking radiation [15] [16] . While Hawking radiation has been a hot topic of discussion in quantum theory, its far-reaching consequence has so far been overlooked. The consequence is that, when the universe ends, matter-antimatter bipolarity will miraculously survive. Therefore, singularity is not a contradiction but a vindication of YinYang bipolarity. Unfortunately, the vindication has so far been largely ignored.
It is reasonable to believe that the unknown logical foundation sought by Einstein could be the ultimate answer to the question why modern physics so far failed to find a definitive battleground for quantum causality and quantum gravity. Evidently, Bohm believed that the new concept of cosmological order can be derived from a deeper reality in which undivided wholeness prevails. Central to the cosmological order is a hidden variable theory of quantum physics [41] . Bohm's hidden variable theory forms a causal interpretation of quantum mechanics that contains a wave function-a function on the space of all possible configurations.
It is interesting to notice that, Bohm's implicate and explicate cosmological order forms a pair denoted (im, ex) and (enfolding, unfolding). If the pairs could be defined as YinYang variables or predicates, Bohm's interpretation would be essentially a YinYang approach to quantum gravity. A closer examination reveals that the first pair can be defined as a harmonic YinYang pair but it is not exactly bipolar in nature. The second pair, however, is exactly a YinYang bipolar pair like action-reaction. Evidently, YinYang are generally interpreted as the two sides of one thing but the two sides have to be bipolar interactive opposites for YinYang bipolar complementarity (Figure 2 ).
Bohm's implicate and explicate cosmological order is an important theory and his interpretation of quantum mechanics is the first causal interpretation of its kind. It is reported that Bell's theorem [42] was inspired by Bell's discovery of Bohm's early work [41] and his own subsequent wondering if the obvious non-locality of the theory could be removed.
Although Bell 
Causal Sets
Causal set theory is a set theoretic approach to quantum gravity. The causal set research program was initiated by Rafael Sorkin [44] . Its founding principle is that spacetime is fundamentally discrete and that the spacetime events are related by a partial order. This partial order has the physical meaning of the causality relations between spacetime events.
The causal set program is based on a theorem by David Malament [45] which states that if there is a bijective map between two past and future distinguishing spacetimes which preserves their causal structure then the map is a conformal isomorphism. The conformal factor that is left undetermined is related to the volume of regions in the spacetime. This volume factor can be recovered by specifying a volume element for each spacetime point. The volume of a spacetime region could then be found by counting the number of points in that region. Among different approaches to quantum gravity, causal set theory specifically targets physical causality and quantum gravity [46] - [49] .
Although the causal set hypothesis is distinguished by its logical simplicity, it didn't go beyond classical truth-based set theory and didn't lead to a formal logical system beyond spacetime geometry. Therefore, it so far did not achieve logically definable causality with regularity.
Intelligence
The definition of intelligence is controversial. It is usually deemed a very general mental capability of autonomous agents that, among other things, involves the ability to reason, plan, solve problems, think abstractly, comprehend complex ideas, learn quickly and learn from experience. It reflects a broader and deeper capability for comprehending our surroundings [50] .
It is widely believed that individuals differ from one another in their ability to understand complex ideas, to adapt effectively to the environment, to learn from experience, to engage in various forms of reasoning, to overcome obstacles by taking thought. Although these individual differences can be substantial, they are never entirely consistent: a given person's intellectual performance will vary on different occasions, in different domains, as judged by different criteria. Concepts of "intelligence" are attempts to clarify and organize this complex set of phenomena. Although considerable clarity has been achieved in some areas, no such conceptualization has yet answered all the important questions, and none commands universal assent. Indeed, when two dozen prominent theorists were asked to define intelligence, they gave two dozen, somewhat different, definitions [51] [52] .
Nevertheless, intelligence is traditionally classified as biological intelligence (BI), artificial intelligence (AI), and/or computational intelligence (CI). BI is most widely studied in humans but also observed in animals and plants; AI is human-like intelligence exhibited by machines and software named artificial agents; CI includes a set of nature-inspired computational methodologies focusing on artificial neural networks, evolutionary computation, and fuzzy logic. Among all the definitions none has provided a causal logic model for intelligence because causality has been deemed undefinable with regularity from the very beginning of logical reasoning.
In any case, our understanding on the nature of intelligence can be said very superficial and rudimentary. Even though test can be designed to assess a person's IQ, basically, we don't know how subatomic particles, energies, and information at the quantum level can form different agents at the higher levels and how agents can be adaptive and become intelligent start at the most fundamental level. Few have tried to unify intelligence of different categories at different levels.
It is expected that quantum biology will provide some basic understanding on the nature of intelligence such as how some birds are able to navigate between their nesting places in the far north and the far south by sensing Earth's magnetic field. Without a logical basis for quantum entanglement, however, quantum biology is still in its infancy since its inception in the early 20th century [53] . Quantum computing is evidently suffering from the bottleneck-the lack of quantum causality for logically comprehensible analytical quantum intelligence (QI).
It can be argued that, since all beings or agents are formed with a set of quantum particles at the fundamental level, all agents can be modeled as quantum agents and all types of intelligence can be deemed as quantum intelligence. Thus, we can posit causality as a result of quantum agent interaction and a source of agent formation. For instance, at the fundamental level, the most basic logically definable quantum entanglement can be posited the ultimate source of causality for the being of all beings including but not limited to biologically intelligent agents. The key to QI is then the invention of a logic that can provide the basic definition for quantum causality and quantum entanglement as well as their ubiquitous effects in the observable world.
Causality Is Logically Definable
A Dream of 5000 Years
Although the causality principle was established by Aristotle 2300 years ago in ancient Greece, the dream for causality might have started long before then. For instance, the Chinese book Yi Jing (the Book of Change) suggests that everything has two opposites and all changes in nature are caused by the reciprocal interactions of the two sides. The two sides are the Yin and Yang of nature. It is estimated that the Book of Change is at least 5000 years old [54] . Therefore, the dream for causality can be said a dream of 5000 years.
While Aristotle's truth-based bivalent logic has prospered through the history with glorious achievements, it is unfortunate that, with 5000 years of development, the Chinese Dao of YinYang has never reached the status of science philosophy due to its lack of a formal logical basis. It is a living proof to Einstein's assertion that "the axiomatic basis of theoretical physics cannot be extracted from experience but must be freely invented" [37] .
Without an axiomatic basis, the Dao of YinYang left room for a variety of its interpretations. Some of them are scientific but not necessarily most fundamental such as the binary interpretation by Gottfried Leibniz [55] and the particle-wave complementarity interpretation by Niels Bohr [5] 
Bipolar Causal Sets and YinYang Bipolar Dynamic Logic
Philosophically speaking, truth-based mathematical abstraction follows Aristotle's "being qua being" metaphysics that asserts truth as the essence of being. The laws of identity (A = A), contradiction ( P P ∧ ¬ ) and excluded middle ( P P ∨ ¬ ) form the first principle of the mathematical abstraction. This principle was rarely challenged throughout history. Following the first principle, modern set theory as a mathematical foundation for computer science requires an element in a set to be self-evident and the properties of a set to be independent of the nature of its elements. This independence excludes any possibility of a formal definition for the ultimate being to reveal all beings. That is why Zadeh has to use "undefinability" to label the root of his type hierarchy [6] . It is the origin of nihilism and the source of the undefinability. After all, the identity law may not be able to hold in the quantum world. For instance, the existence of A may depend on B or A ≠ A if A and B are quantum entangled. It is well-stated by Hawking While classical set theory is based on truth and singularity, bipolar set theory is based on dynamic equilibrium and bipolarity [8] [9] [57]- [61] . The equilibrium-based approach follows the ancient Chinese YinYang cosmology and asserts bipolar dynamic equilibrium (including equilibrium and quasiornon-equilibrium states) as the essence of being or agent. In this approach, a bipolar element consists of a negative pole and a positive pole. If the two poles have the same absolute values, we have a bipolar equilibrium. Otherwise, we have a non-equilibrium. Thus, bipolar sets present a major challenge to truth-based mathematical abstraction.
Ontologically, YinYang bipolarity is observable. While ether, monad, monopoles and strings are imaginable quantum agents but so far untestable, dipoles are observed everywhere; particle-antiparticle pairs (−q, +q) and action-reaction (−f, +f) are believed the most fundamental elements of the universe; negative and positive energies form the regulating force of the universe or even multiple universes ( [56] , pp. 179-180); competition and cooperation exist in any biological society; the Yin and Yang of nature is deemed a key to synthetic biology [62] ; the Yin Yang 1 (YY1) genomic regulator protein with bipolar repression-activation functions is found ubiquitous in the cells of all living species [63] - [71] ; self-negation and self-assertion bipolar emotional equilibrium or disorder is a psychiatric reality [72] [73]; antimatter medicine is a direct use of nature's bipolarity [74] ; it is becoming scientifically evident that brain bioelectromagnetic field is crucial for neurodynamics and different mental states [75] where bipolarity is unavoidable; bipolarity may also be holding the quantum key to the longstanding puzzle how European robins are able to navigate by sensing Earth's magnetic field. In one word, any being or agent has to exist in certain dynamic equilibrium and bipolar dynamic equilibrium is shown to be the most basic type of equilibrium (Figure 2 and Figure 3) .
With the bipolar equilibrium-based approach to mathematical abstraction, bipolar set theory leads to YinYang bipolar dynamic logic (BDL) [8] [9] [59] . In a bipolar set, elements are bipolar agents which can be entangled into an ensemble of many (Figure 3 ). This ontological claim positioned BDL in the context of logically definable causality for ubiquitous quantum computing and quantum intelligence.
BDL is defined on B 1 = {−1, 0} × {0, +1} = {(0, 0), (0, +1), (−1, 0), (−1, +1)}-a bipolar quantum lattice in the background independent YinYang bipolar geometry ( [9] , Ch 1) as shown in Figure 4 . The background independent property makes quadrant irrelevant. The four values of B 1 form a bipolar causal set which stand, respectively, for eternal equilibrium (0, 0), non-equilibrium (−1, 0), non-equilibrium (0, +1); equilibrium and harmony (−1, +1). Evidently, each bipolar element can be deemed a bipolar qubit that can be used to code two bits of binary information or one bit with an ∨ or ∧ operation on the two poles in absolute values.
Equations (1)- (12) in Table 1 provide the basic operations of BDL each of which can be a cause for an effect. The laws in Table 2 hold on BDL. Bipolar universal modus ponens (BUMP) is listed in Table 3 which formally defines equilibrium-based bipolar causality as an inference rule and leads to generic bipolar quantum entanglement. The zero order BDL has been extended to a 1 st order formal system ( [9] , Ch 3) in which equilibrium-based bipolar predicates can be used similarly as truth-based predicates. (∀(x, y), (u, v) ∈ B 1 , Equations (1)- (12) define BDL. |x| is used for explicit bipolarity only.) Bipolar Partial Ordering:
Negation:
) Bipolar greatest lower bound (bglb):
−bglb: bglb
) Cross-pole greatest lower bound (cglb):
−cglb: cglb
) Cross-pole least upper bound (cglb): Table 2 . Laws of bipolar equilibrium/non-equilibrium.
Non-Linear Bipolar DeMorgan's Laws Table 3 . Bipolar universal modus ponens (BUMP).
(φΩϕ) ⇒ [(φ * ψ)Ω(ϕ * ψ)]; Two-fold universal instantiation:
Operator instantiation: * as a universal operator can be bound to &,
Variable instantiation: Table 4 . From truth-based to equilibrium-based axiomatization.
Unipolar Axioms (UAs):
UA5: φ→(ϕ→φ∧ϕ); Bipolar Linear Axioms:
Inference Rule -Modus Ponens (MP):
Non-Linear Bipolar Universal Modus Ponens (BUMP) ( * can be bound to any bipolar operator in Table 1 )
Predicate axioms and rules UA6: ∀x, φ(x)→φ(t);
Bipolar predicate axioms and rules of inference
An equilibrium-based axiomatization is shown in Table 4 which has been proven sound ( [9] , Ch 3). In BDL ⊕ and ⊕ − are "balancers" that can, at the most basic level, be used as nuclear (or mental) fusion operators; ∅, ⊗, ∅ − and ⊗ − are intuitive and counter-intuitive "oscillators" that leads to particle wave unification; & and & − are "minimizers" that can, at the most basic level, be used as particle-antiparticle annihilation operators. The linear, cross-pole, bipolar fusion, oscillation, interaction and entanglement properties are depicted in Figure 5 .
Thus, BDL presents an equilibrium-based causal logic for both digital and quantum computing, where each logical operation defines a dynamic cause and each inference rule defines a cause-effect relation. While the surveyed quests in the early section for causality stopped short of going beyond classical truth-based mathematical abstraction to reach fundamental complementarity and logically definable quantum causality, bipolar causal sets and BDL as a bipolar equilibrium-based formal system presents a major step forward toward logically definable causality.
Bipolar Relations and Equilibrium Relations
As a causal set, a bipolar relational matrix is characterized with bipolar elements such as (0, 0) for no relation, (−1, 0) for conflict relation, (0, +1) for coalition, and (−1, +1) for harmonic relation, respectively. The ⊕-⊗ bipolar transitive closure of a bipolar relation R is the smallest bipolar transitive relation containing R ( [9] , Ch 3) [57] denoted by ℜ and
It is shown that, let X = {x 1 , x 2 , ⋅⋅⋅, x n } be a finite bipolar set, the ⊕−⊗ bipolar transitive closure ℜ of R in X exists, is unique, and
Bipolar reflexivity, symmetry and transitivity lead to the generalizations of equivalence relations to bipolar equilibrium relations ( [9] , Ch 3) [57] and fuzzy similarity relations to bipolar fuzzy-or quasi-equilibrium relations ( [9] , Ch 5) [61] . Based Equation (14), algorithms have been devised for bipolar clustering from equilibrium relations. While an equivalence relation induces partitions of equivalence sets, an equilibrium relation as a bipolar fusion or entanglement of multiple equivalence relations induces partitions of coalition sets, conflict sets, and harmonic sets ( [9] , Ch 5) [61] . The partitions or clusters from an expected equilibrium state could be used as predictions for decision support [57] [58].
Bipolar Quantum Linear Algebra
The 
In Equation 15(a), × is a cross-pole multiplication operator with the infused non-linear bipolar causal semantics −−=+, −+=+−=−, and ++=+. This operation can be deemed a generic form of quantum superposition for particle-wave and quantum-gravity unification as discussed later. In Equation 15(b), + is a linear bipolar addition or fusion operator. While linear algebra does not lend itself directly for causal reasoning and equilibrium-based computing, with the two basic operations, linear algebra is naturally extended to an equilibriumbased causal algebra named bipolar quantum linear algebra (BQLA) ( [9] , Ch 8) [76] . In BQLA, bipolar matrices M 1 BQLA enable bipolar fusion, fission, diffusion, interaction, oscillation, annihilation, decay, quantum superposition, quantum entanglement, generic and composite causality in a most fundamental way ( [9] , Ch 7) [33] [76] [77] . Bipolar quantum entanglement enables physical or biological agents to interact through bipolar quantum fields such as bio-electromagnetic quantum fields as well as biochemical pathways in energy equilibrium or non-equilibrium. These properties also lead to the inception of YinYang bipolar atom [77] , bipolar quantum logic gates and quantum cellular combinatorics [33] . Quantum cellular combinatorics provides a modular graph theory for multidimensional bipolar cause-effect modeling (Figure 3) of YinYang-N-element cellular automata ( [9] , Ch 8) [77] . Thus, BQLA enables the integration of generic bipolar agents into multidimensional bipolar agents (Figure 3, Figure 6 & Figure 7 ).
Like a Dream Come True
From the early sections we see that BDL can be deemed a generalization from the truth-based domain or unipolar lattice {0, 1} to the equilibrium-based domain or bipolar lattice {(0, 0) (−1, 0) (0, +1) (1, +1)}. With clear equilibrium-based semantics, BDL makes every bipolar operation a dynamic cause that leads to an effect. The validity of this generalization cannot be denied unless being or agent could escape from bipolar dynamic equilibrium and equilibrium or non-equilibrium could be ruled out from being a kind of holistic truth. From a different perspective, BDL can be deemed a logical extension from Niels Bohr's particle-wave complementarity (Figure 1 ) to bipolar complementarity (Figure 2(a) ) or from space-time relativity to bipolar relativity [9] . The key is BUMP which defines YinYang bipolar relativity in the form
and defines bipolar quantum entanglement in the form (Note: (φ ⇔ −ϕ) ⇒ (φ ⇔ −φ) that has anti-correlated spin case included [33] .) Now, our general question is whether BDL will lead to logically definable causality in physical, biological, mental and social worlds. Looking at the two forms of BUMP, it looks like a dream come true.
Computational Complexity of Bipolar Causal Reasoning
Bipolar causal reasoning is achieved with a combination of (1) inductive reasoning to instantiate the bipolar universal operator * in BUMP and (2) deductive reasoning to determine the outcome. The following cascading form of BUMP can be used for the analysis of computational complexity of bipolar causal reasoning: (16) where * i , i = 1 to n, is the universal operator * that can be instantiated to the same or different bipolar operators. Proof. The complexity of bipolar logical (causal) programming in case a Prolog-like bipolar interpreter is involved with bipolar belief revision and dynamic truth maintenance seems to entail a much higher computational complexity. Surprisingly, it can be proven that bipolar deductive causal reasoning with a Prolog-like bipolar interpreter entails the same computational complexity as required for the unipolar case except algorithms with exponential time or worse. This conclusion is reached based on the following observations and analysis: 3) Each firing of a bipolar inference rule in forward and backward chaining with the bipolar implication operator ⇒ doubles the computational cost of firing a classical unipolar rule with the unipolar implication operator → with a constant 2 that does not increase complexity except for algorithms with exponential time or worse.
Thus, bipolar deductive causal reasoning entails the same computational complexity as that in classical (unipolar) logical programming except algorithms with exponential time or worse.  Although the computational complexity may not increase in terms of bipolar logical programming, storage requirements will increase significantly to support bipolar belief revision and dynamic truth maintenance. This is not further discussed in this work.
Quantum Agents and Quantum Intelligence
Quantum Agents and Quantum Adaptivity
While previous logical systems failed to show formal dynamic semantics and logically definable causality with regularity, BDL and BQLA possess clear dynamic equilibrium-based semantics and make quantum agents, quantum causality and quantum intelligence reachable. Since everything that begins to exist must have a cause for its existence according to Aristotle, we start with a definition of being or agent.
Definition 1.
An agent is any entity identifiable symbolically or mathematically. A quantum agent is a quantum particle, an ensemble of quantum particles or an ensemble of quantum agents.
By Definition 1, a quantum agent is an agent that can be physical, biological, mental, social, symbolic or mathematical. For instance, an electron e − or a positron e + is an agent because it is an identifiable entity; the number −1 for e − or +1 for e + is an agent if −1 or +1 is used as a mathematical identity for e − or e + , respectively. Now, we need to prove that any agent is a quantum agent. Postulate 1. The universe and everything within the universe is a dynamic equilibrium or non-equilibrium with bipolar dynamic equilibrium or non-equilibrium of negative and positive energies as the most fundamental form. By Definition 2, all agents are part of fuzzy agents and all fuzzy agents are part of lattice-ordered agents because B 1 ⊂ B F ⊂ B ∞ . Since a strict bipolar quantum lattice can be normalized to the bounded and complemented bipolar lattices B 1 or to B F ( [9] , Ch 3, 4), without losing generality, we assume ∀a, ϕ(a):a ⇒ B 1 or ϕ(a):a ⇒ B F . For algebraic analysis, however, we still need to use B ∞ from time to time. For instance, let ϕ = (−, +) be a bipolar predicate and e be an electron, positron, or a coupling (e − , e + ), e exists if ϕ(e) = (−1, 0), (0, +1), or (−1, +1); e doesn't exist if ϕ(e) = (0, 0). Similarly, given a person p, ϕ(p) = (−1, 0), (0, +1), or (−1, +1) may denote the existence of p in mental depression, mania, or equilibrium, respectively. Interestingly, (−1, 0) & (0, +1) = (0, 0) characterizes an annihilation; (−1, 0) ⊗ (−1, 0) = (0, +1) denotes an oscillation; (−1, 0) ⊕ (0, +1) = (−1, +1) denotes a bipolar fusion; Sp(−1, +1) = {(−1, 0) (0, +1)} characterizes a bipolar separation or fission; the total energy expansion of an atom from a finite-valued bipolar agent (x, y) toward the infinite valued bipolar agent (−∞, +∞) mathematically characterizes a nuclear fission process; the total energy degeneration of an atom from a finite-valued bipolar agent (x, y) to (−0, +0) mathematically characterizes a nuclear decay process. These semantics leads to the concept of YinYang bipolar atom [77] . The bipolar fuzzy element (−0.9 + 0.8) can characterize a quasi-equilibrium with slight "depression" and (−0.8 + 0.9) a quasi-equilibrium with slight "mania" ( [9] , Ch 10).
Definition 3.
A primitive agent a is a bipolar agent in a universe of discourse for which there is only a single bipolar equilibrium or non-equilibrium ϕ such that {ϕ(a) ∈ B 1 , B F or B ∞ and ϕ(a) ≠ (0, 0)}. Otherwise, it is non-primitive.
Following Definitions 1 -3, we have the postulates: Postulate 2. Any non-primitive agent in a universe of discourse is a multidimensional bipolar equilibrium or non-equilibrium with the number of dimensions N ≥ 2.
Postulate 3. All agents in the universe are in either single or multidimensional bipolar dynamic equilibrium or non-equilibrium.
With Postulates 1 -3, we can say that the universe is a multidimensional equilibrium or non-equilibrium because we have gravitational force (−f, +f), electromagnetic force (−q, +q), and particle-antiparticle (−p, +p) symmetry, quasi-symmetry or non-symmetry. With this rationale, the four dimensions of spacetime, namely, length, width, height, and time do not form YinYang bipolar equilibria and cannot lead to quantum causality or entanglement because the negative and positive sides of these dimensions namely (−x, +x), (−y, +y), (−z, +z) and (past, future) are not bipolar interactive energies. Thus, they are less fundamental concepts than YinYang bipolarity. That could be the fundamental reason why quantum entanglement is still a logical mystery and the supposedly ubiquitous effects of quantum entanglement still do not show up and make sense in spacetime geometry. And that is why a multidimensional spacetime is deemed in this paper not as fundamental as YinYang bipolar geometry. On the other hand, YinYang bipolar opposites are complementary energies. Without input information there would be no output information; without negative energy there would be no positive energy; the two opposites can form logically definable quantum causality and entanglement. Postulates 1 -3 open an equilibrium-based paradigm for agent interaction in logical, physical, social, mental, and biological terms. Philosophically, contrary to Aristotle's assertion that truth is the essence of being, the three postulates assert bipolar equilibrium or non-equilibrium as the essence of any physical being or agent. Physically, the postulates claim that we humans are all bipolar in nature because we must consume energy in order to give out energy. Biologically, it is a well-known fact that our YinYang 1 (YY1) genomic regulator protein [63] regulates our gene expression with bipolar repression/activation to achieve certain genomic equilibrium or non-equilibrium. Mentally, most of us are in equilibrium with reciprocal self-negation and self-assertion abilities denoted by the bipolar predicate (self-negation, self-assertion) [72] . While some get bipolar disorder due to the loss of balance of such abilities, most of us in mental equilibrium could be either more or less "depressed" or more or less "manic" because no one has perfect self-negation and self-assertion abilities. That is why we need the concepts of fuzzy or quasi-equilibrium.
To further illustrate, let φ(P) be a bipolar function and f be frequency, φ(P)(f) = (−1, 0) n (3 × 10 12 ) can denote the fact that "a quantum agent P changes polarity three trillion times per second from particle to antiparticle or vice versa". P can be the subatomic particle named B-sub-s meson discovered at the Fermi National Accelerator Lab Someone may argue: "If I am in bipolar mental equilibrium, how can I am bound to be true?" Actually, "I am bound to be true" really meant to be "I believe my cause is justified." It has nothing contrary to "I am in bipolar mental equilibrium". Evidently, anyone (good or bad) can claim having truth in his or her hand to start a contradiction, a conflict or even a world war by free will or free madness (as done by Hitler) but no one can escape from bipolar equilibrium or non-equilibrium. Actually, without bipolarity there would be no bipolar disorder, no bipolar mental equilibrium, no mind and no truth. That is why BDL satisfies the law of excluded middle and is contradiction free ( Table 2) .
While an electron (e − , 0) or positron (0, e + ) or the coupling (e − , e + ) can be deemed a primitive agent in certain cases, a person like a universe isn't primitive because there are other bipolar equilibria involved besides (selfnegation, self-assertion) such as (reaction, action). Evidently, a multidimensional equilibrium can be deconstructed into a number of bipolar equilibria (Figure 3) . Definition 4a. An agent A is bipolar adaptive if A has either self-negation ability or self-assertion ability or both and A can regain bipolar equilibrium when one of the abilities is lost temporarily. Formally, let ϕ = (selfnegation, self-assertion) ∈ B 1 and time t = t 0 , t 1 , t 2 , A is adaptive if ϕ(A) ≠ (0, 0) and A exhibits both bipolar fusion (e.g. ⊕) and interaction (e.g. ⊗) functionalities ( [9] , Ch 3). Definition 4b. A fuzzy agent A is bipolar adaptive if A has either self-negation ability or self-assertion ability or both in any degree and A can regain bipolar equilibrium to certain degree when one of the abilities is lost temporarily. Formally, let ϕ = (self-negation, self-assertion) ∈ B F and time t = t 0 , t 1 , t 2 , A is adaptive if ϕ(A) ≠ (0, 0) and A exhibits both bipolar fusion and interaction functionalities ( [9] , Ch 4). 
Equation (19) can be instantiated with Equation (21) in logical forms and Equation (20) can be instantiated with Equation (22) 
Equations (17) and (21) typically characterize a depressed person who may lose self-assertion ability temporarily but is self-adaptive to mental equilibrium to a certain degree because his bipolar fusion (⊕) and bipolar oscillation (⊗) neurobiological functionalities are intact or working to certain degree. Thus, clinical mental depression could be diagnosed as temporary loss of bipolar fusion (⊕) or bipolar interaction (⊗) functionalities. This interpretation is also supported by a Traditional Chinese Medicine principle which states Yin (−) produces Yang (+) but not vice versa.
Equations (18) and (22) typically characterize a manic person who may lose self-negation ability for a while but is able to recover to mental equilibrium to a certain degree with a medical intervention characterized with (−1, 0) such as the anti-mania medicine lithium carbonate. The recovery is possible if the patient's bipolar fusion (⊕) and bipolar interaction (⊗) functionalities responded to the medical intervention. Thus, clinical mental mania could also be diagnosed as the loss of bipolar fusion or bipolar interaction functionalities.
Definition 5a.
A logical agent is an agent whose behavior is governed by Boolean logic; a bipolar agent is an agent whose behavior is governed by BDL.
Definition 5b. A fuzzy logical agent is an agent whose behavior is governed by unipolar fuzzy logic; a bipolar fuzzy agent is an agent whose behavior is governed by fuzzy BDL.
The above definitions lead to another postulate: Postulate 4. A logical agent is not necessarily bipolar adaptive to equilibrium; a bipolar adaptive agent is not necessarily strictly logical. Postulate 4 may sound ironic but it is actually a long overlooked observable reality. For instance, a digital computer is strictly logical but by no means adaptive to mental equilibrium even being programmed with Boolean logic because it does not have a biological mind. On the other hand, a normal person is mentally and biologically adaptive to bipolar mental equilibrium but can by no means be strictly logical like a digital computer. Another example can be taken from the quantum world where the identity law A = A in classical logic may not be able to hold because agent A may depend on agent B if the two are quantum entangled. While there is no truth-based logical definition for such entanglement, with BDL it is formulated as a causal inference rule (φΩϕ) ⇒ [(φ * ψ)Ω(ϕ * ψ)] [33] . Thus, Postulates 1 -4 form an axiomatic basis for agent interaction, mind and body unification, and causal axiomatization in a fundamental way. Definition 6. Two bipolar sets X and Y are physically bipolar interactive if, ∀x ∈ X and ∀y ∈ Y, x and y can be (but does not have to be) physically bipolar interactive denoted x♦y. Two bipolar predicates ϕ(x) ∈ B 1 or B F and φ(y) ∈ B 1 or B F are logically bipolar interactive denoted ϕ(x) * φ(y) iff x and y are either physically bipolar interactive (x♦y ) or logically bipolar interactive (x * y).
Definition 6 establishes the physical basis for bipolar equilibrium-based logical reasoning. For instance, a set of bipolar disorder patients X and a set of bipolar disorder medicines Y can be physically bipolar interactive such that two functions ϕ(x) and φ(y) are logically bipolar interactive. On the other hand, two sets of bipolar disorder patients X and Y can't be physically bipolar interactive and ϕ(x) and φ(y) can't be logically bipolar interactive either in terms of medical cause and effect. Since bipolar variables or functions can form sets X and Y themselves, the recursive nature of Definition 6 is necessary such that if a = ϕ(x) and b = φ(y) the logical interactivity of a and b depends on that of ϕ(x) and φ(y). In the meantime, physical interactivity can be a default in hypothesis-driven reasoning.
The following have been proven on agent interactivities ( [9] , Ch 6):
∀x, y ∈ B 1 or B F ,, (x♦y) ≡ (x * y). // logical-physical equivalence Bipolar interactions can be chemical, biological, organizational, or any other type. Physical and logical interaction with construction or deconstruction may lead to scalability. It is noteworthy to distinguish bipolar agent interactions from multiagent communications [79] - [84] . While the goal of multiagent communication is for multiagent coordination and distributed AI (DAI), the goal of bipolar agent interaction is for logically definable causality and quantum intelligence. It is interesting to notice though that bipolar cognitive mapping can be used for multiagent coordination [57] [88] . Thus, QAQI can be deemed a causal set extension to DAI.
Causation Law 1. Bipolar adaptivity is a most fundamental form of adaptivity.
Proof. Logically, bipolar adaptivity (Equations (17), (18)) is a minimal or primitive form of adaptivity from non-equilibrium to equilibrium that cannot be further simplified. Physically, without bipolar adaptivity the universe would not be able to adapt to any equilibrium state and would be in total disorder or chaos. Mentally, without bipolar mental adaptivity it would be impossible for the human mind to reach certain mental equilibrium of self-negation and self-assertion abilities. Biologically, without bipolar adaptivity it would be impossible for a biological system to realize certain biological equilibrium of growing and aging.  Causation Law 2. Bipolar adaptivity is the most fundamental form of intelligence from which biological and artificial intelligence can be developed.
Proof. It follows the proof for Law 1 with the additional arguments: (1) artificial intelligence is based on biological intelligence; (2) any biological agent must at least adapt to certain energy input-output bipolar dynamic equilibrium, otherwise, the agent cannot exist; (3) without genomic repression-activation bipolar adaptivity of the ubiquitous Yin Yang 1 regulator protein, there would be no biological cell; (4) without self-negation and self-assertion bipolar adaptivity, an agent would have no learning ability, no mental equilibrium, no healthy genetic mutation, no mind, no truth, and no intelligence.  Causation Law 3. All agents are fundamentally quantum agents and all types of intelligence are fundamentally equilibrium-based quantum intelligence-a direct or indirect result of bipolar quantum interaction.
Proof. It follows Definitions 1 -4, the proofs for Laws 1 -2 and the established theory that the universe consists of particles and antiparticles, actions and reactions as well as negative and positive energies. Therefore, without negative agent there would be no positive agent and without bipolar interaction there would be no agent of any kind.  Here it should be clarified that (1) if an agent is not bipolar adaptive to equilibrium it can still be in a non-equilibrium quantum state and (2) if a bipolar adaptive agent is not strictly logical it can be in a dynamic equilibrium state. Thus, both truth-based logical and equilibrium-based logical agents can be fundamentally quantum in nature.
Laws of Causation and Ensemble Formation of Quantum Agents
Programming the Universe is a book title by MIT professor Seth Lloyd [89] . The book posits the universe itself as a giant quantum computer. According to Lloyd, the universe is all about quantum information processing. Once we understand the laws of physics completely, we will be able to use small-scale quantum computing to understand the universe completely as well. Lloyd's idea can be deemed an extension to Einstein's assertion: "pure thought can grasp reality, as the ancients dreamed" and "nature is the realization of the simplest conceivable mathematical ideas".
While BDL is concerned with the logic of reciprocal interactions among individual elements modeled as bipolar equilibrium or non-equilibrium, BQLA is for mathematical modeling of agents as multidimensional bipolar equilibriums (Figure 1 and Figure 7) . It provides a representational basis for characterizing matter-antimatter atoms, molecular and cellular structures as well as different social, biological and mental systems [9] [77] .
Equilibrium-Based Unification of Energy and Information. Since every being is a dynamic equilibrium, bipolar equilibrium or non-equilibrium states of input and output provide a basis for an equilibrium-based unification of energy and information. This unification makes ubiquitous quantum computing possible where faster than light speed [90] - [92] can be deemed quantum information transmission at unobservable energy levels ( [9] , Ch 7). With this unification, BDL and BQLA lead to the concept of bipolar quantum gates [33] .
Given bipolar column vector E and a bipolar connectivity matrix M we have Equation (24) in a causal form based on Equations 15(a), (b), where E(t) is the energy-information vector of a quantum agent at time t; M(t) is a bipolar connectivity matrix characterizing the organization of the agent such as an atom at time t; M(t) × E(t) is a cause and E(t + 1) is the effect (Figure 6 ).
E(t + 1) = M(t) × E(t)
Bipolar Holographic Information. While energy-information gain without bipolarity used to be a scalar variable, with bipolarity the energy of a bipolar matrix E or M provides bipolar holographic information with the dimensions of negative, positive, bipolar, and absolute total views. 
Causation Law 4. Law of Energy-Information Conservation. If M is an energy-information conservational quantum gate at time t, the cause-effect relation E(t + 1) = M(t) × E(t) satisfies Equation (25).
|ε|(E(t + 1)) = |ε|(M(t) × E(t)) ≡ |ε|(E(t)).
Proof. It follows that if M is energy-information conservational at time t, it enables the transmission and distribution of the energy of each element of E(t) to those in E(t + 1) in exactly 100%. While CP (charge-parity) violation may be observed, total energy-information conservation is achieved.  (26) and characterizes the weakening of a quantum agent (such as nuclear decay or biological aging).
Causation Law 5. Law of Energy-information Degeneration. If M is an energy-information degenerating quantum gate at time t, E(t + 1) = M(t) × E(t) satisfies Equation
|ε|(E(t + 1)) = |ε|(M(t) × E(t)) < |ε|(E(t)). (26)
Proof. It follows that if M is energy-information degenerating at time t, it enables the transmission and distribution of the energy of each element of E(t) to those in E(t + 1) in less than 100%.  (27) and characterizes the strengthening of a quantum agent (such as nuclear fission and biological growing).
Causation Law 6. Law of Energy-information Regeneration. If M is an energy-information regenerating bipolar quantum gate at time t, E(t + 1) = M(t) × E(t) satisfies Equation
|ε|(E(t + 1)) = |ε|(M(t) × E(t)) > |ε|(E(t))
Proof. It follows that if M is energy-information regenerating at time t, it enables the transmission and distribution of the energy of each element of E(t) to those in E(t + 1) in more than 100%.  Evidently, BDL, BQLA and bipolar quantum logic gates could be a key step toward definable causality. Such definability should show regularity that lends itself to logical analysis and computation for both generic and composite cause-effect relations.
The Role of Bipolarity. Without bipolarity, classical linear algebra is incapable of holistic bipolar causal interaction and coordination for normal energy-information conservation, degeneration and regeneration due to bipolar cancelation. For instance, 
Of course, we can use a positive quantum gate matrix for energy-information conservation, a positive matrix, however, does not show bipolar regulation or balancing cause-effect toward bipolar equilibrium. For instance, 0.5 0.5 100 100 ( 50, 50) . 0.5 0.5 100 100 ( 50, 50)
Bipolar Generalization of Unitary Quantum (Logic) Gates. While quantum computing has made progress, without logically definable quantum causality the ubiquitous effect of quantum entanglement has so far remained a mystery ( [93] , p. 591), the intrinsic relationships between quantum logic circuitry and bio-cellular networks has been unknown, and quantum intelligence has been an untouched subject. Energy-information conservational, degenerating and regenerating bipolar quantum gates provide a bipolar generalization of unitary quantum gates. Evidently, any integer unitary quantum logic gate (matrix) in quantum computing must be energy-information conservational. Therefore, unitary quantum gate can be deemed part of energy-information conservation. With the bipolar decimal generalization, unitarity and reversibility in quantum computing [94] [95] are successfully generalized to the thermodynamic causal laws of energy-information conservation and non-conservation for regulating or governing agents' body, mind, and/or behaviors. This illustrates the quantum nature of all agents and provides a basis for equilibrium-based ubiquitous quantum computing and quantum intelligence. Here, the distinguishing factor is bipolarity which makes agent regulation possible by the negative-positive energies of bipolar quantum gates. Moreover, local regulating energies can be further regulated by a global dynamic equilibrium process. For instance, biological agents can be affected by global warming. Remarkably, a degree of nature-man unity is logically reached for computational equilibrium and harmony.
While the decimal extension to bipolar quantum gate leads to quantum cellular combinatorics for QAQI [33] , bipolar coding does not exclude binary coding with probability coefficients. For instance, the bipolar values in B 1 (Figure 3) can be used to create a macroscopically coherent bipolar superposition in the form c00|(0, 0)〉 + c01|(0, 1)〉 + c10|(−1, 0)〉 + c11|(−1, +1)〉 [33] . The bipolar superposition can be matched to c00|00〉 + c01|01〉 + c10|10〉 + c11|11〉 of a traditional 2-qubit system. While the traditional basis states use binary bit patterns without quantum causality and basis state entanglement, the bipolar basis states are logical values in BDL that form a bipolar causal set and can lead to basis state quantum entanglement.
Organizational Energy or Information of Nature-Agent Unity. The energy of the connectivity matrix M (or bipolar quantum gate) can be deemed the organizational energy or information at the regulating center of a quantum agent that assembles a set of bipolar elements in E into an ensemble quantum entanglement. This entanglement makes it possible to model an agent as a nonlinear dynamic quantum process of local equilibrium or non-equilibrium as part of the global equilibrium or non-equilibrium with nature-agent unity-a key step toward nature-man harmony. A most common but so far overlooked bipolar regulating center is the nucleus of an atom or antiatom, where quarks in different flavors of particle or antiparticle pairs assemble negatively and positively charged electrons or positrons into matter or antimatter (Figure 6 ). Another example is in biology, where a young biological system can grow with input energy but an old one may have to degenerate anyway. For instance, in the process of photosynthesis [53] "Particles of light called photons, streaming down from the Sun, arrive randomly at the chlorophyll molecules and other light-absorbing 'antenna' pigments that cluster inside the cells of every leaf, and within every photosynthetic bacterium. But once the photons' energy is deposited, it doesn't stay random. Somehow, it gets channelled into a steady flow towards the cell's photosynthetic reaction centre, which can then use it at maximum efficiency to convert carbon dioxide into sugars." In such a way, tree leaves can grow and become greener in Spring and Summer, however, the maximum efficiency eventually fades away and they may have to change color from green to yellow in the Fall.
Matter-Antimatter Unification. Since both matter and antimatter atoms can be characterized as a multidimensional bipolar dynamic equilibrium, matter and antimatter atoms can be unified as a bipolar cellular automaton with a single BQLA equation of negative-positive energies for equilibrium and non-equilibrium analysis (see Equations (24)- (27) and Figure 6 ). The matter-antimatter quantum agent unification is made possible by the background independent property of YinYang bipolar geometry. The property accounts for both the negative and positive sides but transcends spacetime and makes quadrants irrelevant.
Particle-Wave Unification. Regardless of the global energy-information conservational or non-conservational properties of a quantum agent, each elementary bipolar agent can have different local bipolar energy wave forms [77] . Thus, particle-wave unification is made achievable by (1) identifying bipolarity as the most fundamental complementarity-an extension to Bohr's particle-wave complementarity principle [5] , and (2) identifying negative-positive energies or the Yin and the Yang as the regulating power of all agents in the universe including the universe itself-an extension to The Grand Design ( [56] , pp. 179-180). While particle-wave complementarity without bipolarity is less fundamental due to the lack of direct "opposites" (Figure 2 ), particles and waves are unified as causal sets or ensembles of bipolar elements with bipolarity ( Table 5; Figures 6-8) . Remarkably, the wave forms are generated with object orientated programming that provides another proof for the unification.
Scalability of Quantum Agents. Since the equilibrium or non-equilibrium states of any quantum agent such as atom, molecule, cell, human brain or the universe can be modeled as a quantum cellular automaton [9] , the bipolar atom model in Figure 6 provides a scalable building block-a bio-economics or quantum-economics model for what exist in dynamic equilibrium and harmony. For instance, the cellular automaton in Figure 6 can become a bipolar element in Figure 7 .
Algorithms have been developed for the simulation of a bipolar cellular automaton as a dynamic equilibrium with energy-information conservation, degenerating and regenerating as well as oscillation states ( Table 5 ; Figures 6-8) . Interestingly, bipolar random variables are involved in the computation. That is, the connectivity Table 5 . C++ algorithms for testing energy-information equilibrium [76] . matrix or quantum gate M in Figure 6 or Figure 7 may have bipolar random connectivity which suggests a new theory of bipolar eqilibrium-based quantum probability. Empirical knowledge and learning algorithms can be used in bipolar causal inference to achieve equilibrium and harmony for multiagent coordination and DAI. This is not covered in this work. 
//Algorithm B: Test the three conditions: ∀t, E(t+1) = M(t)E(t), E(t+1) > M(t)E(t), or E(t+1) < M(t)E(t)
It should be noted that, for any bipolar agent A we have |ε|A ≡ |ε|(−A). Thus, the negation operation (−) is energy-information conservational. On the other hand, since |ε|(0, 0) ≠ |ε|(¬(0, 0)) = |ε|(−1, +1), the complement operation (¬) is not energy-information conservational in general, even though it can be in certain symmetrical cases [33] .
Causation Law 7. Law of 2-Party Quantum Agent Entanglement. Given two bipolar agents A 1 (t + 1) = E 1 (t + 1) = M 1 (t) × E 1 (t) and A 2 (t + 1) = E 2 (t + 1) = M 2 (t) × E 2 (t), a necessary condition to keep the two agents in a 2-party entanglement is to keep M 1 (t)[i, j] and M 2 (t)[i, j] identical in both energy and parity at all times for all i and j. Formally,
∀t, i, j, (A 1 (t + 1)ΩA 2 (t + 1)) → (M 1 (t)[i, j] ⇔ M 2 (t)[i, j]). (28)
Proof. To have A 1 (t + 1)ΩA 2 (t + 1), we have either E 1 (t) ⇔ E 2 (t) or E 1 (t) ⇔ −E 2 (t). If the corresponding elements M 1 (t)[i, j] and M 2 (t)[i, j] are not identical in both energy and parity at any time and for all i and j, the equivalence condition E 1 (t + 1) ⇔ E 2 (t + 1) or E 1 (t + 1) ⇔ −E 2 (t + 1) will be violated and there would be no 2-party entanglement.  It should be remarked that Law 7 provides a necessary condition that may not be sufficient. For instance, A 1 ΩA 2 may also implies that M 1 and M 2 be energy-information conservational or unitary. Otherwise, the entanglement may collapse.
Causation Law 8. Equilibrium-Based Unification of Quantum Agents and Quantum Entanglement.
Two entangled quantum agents A 1 and A 2 can be mathematically described as two elements of one agent or a bipolar causal set A = {A 1 , A 2 } that share the same reality characterized by a bipolar quantum gate matrix M 1 ≡ M 2 . Thus, quantum teleportation through quantum entanglement can be either interpreted as instant change of an entangled state in a geometry that transcends spacetime or interpreted as sending information much faster than the speed of light in spacetime geometry. The two interpretations are essentially two views of one reality.
Proof. (1) If A 1 Ω A 2 , they must have shared a common history of being two aspects of one bipolar agent A = {A 1 , A 2 }; (2) The space separation of A 1 and A 2 doesn't change their status of being two aspects of one agentin an equilibrium-based entanglement; (3) Quantum entanglement can be logically defined in the background independent YinYang bipolar geometry with spacetime transcendence (Figure 3, Figure 4, Figure 10) ; (4) Faster than light speed of quantum entanglement has been observed, questioned, and reconfirmed in spacetime geometry [90] - [92] ; (5) If the two quantum gate matrices M 1 and M 2 were not for the same reality, it would be impossible to satisfy Equation (28) .  Unification of Quantum Locality and Non-Locality. Quantum entanglement or quantum non-locality as an unresolved logical paradox has generated enormous amount of confusion. It was once called "spooky action at a distance" by Einstein. Law 8 provides an equilibrium-based agent-oriented holistic resolution to the paradox. From Law 8, the following can be conjectured: Conjecture 1. Quantum entanglement can be classified as local and non-local.
Conjecture 2.
Matter or anti-matter atom is a set of n-party locally entangled electron-positron pairs through a bipolar quantum gate characterizing the organization of the atom (Figure 6 ). Conjecture 3. An agent with multiple atoms can be deemed an entangled set of n-party local entanglements.
Conjecture 4.
The universe is a combination of local and non-local entanglements.
The unification of quantum locality and non-locality provides a basis for quantum biology, mind-body unification and quantum intelligence. Evidently, a background independent geometry with space-time transcendence is essential for logically definable quantum causality as well as local and non-local quantum entanglements. Causation Law 9. Equilibrium Law of Collective Adaptation to Super Symmetry. Given E(t + 1) = M(t) × E(t) with the two conditions of (1) ∀t, M(t) is energy-information conservational and (2) ∀t, the absolute values of the negative and positive energies of each row and each column of M are both greater than 0.0, without external disturbance, all bipolar elements in E connected by M will eventually reach a YinYang bipolar symmetry (−|ε|E/(2K), |ε|E/(2K)) at certain time t, where |ε|E is the total energy of E and K is the number of bipolar elements in E.
Proof. It follows that Condition (1) enables the energy of each element of E(t) be transmitted and distributed to E(t + 1) in 100% with or without CP violation; Condition (2) prevents the energy of E from bipolar oscillation. Thus, the rebalancing process will continue based on Equations 15(a), (b) until bipolar equilibrium or symmetry is reached.  Generalized CPT Super Symmetry. With the discovery of CP violation, CPT (Charge-Parity-Time) symmetry is now believed a fundamental law in physics [96] , which explains why the universe exists as it is. But the cause of this law has been a mystery. The supper symmetry in the above law can be deemed an equilibriumbased causation law of generalized CPT (G-CPT) for super symmetry. In G-CPT symmetry, particle-antiparticle and gravitational action-reaction are logically unified into a superposition for a S5 paradigm of logical, physical, social, biological and mental quantum gravities [9] [77]. This is made possible by the basic BDL and BQLA operations and by the background independent YinYang bipolar geometry (Figure 4, Figure 10 ).
Corollary of Law 9. Bipolarity is not an option but a necessity and fundamental property of nature for equilibrium-based regulation and quantum agent self-adaptation to bipolar equilibrium, symmetry and harmony in logical, physical, social, biological and mental terms.
Proof. First, without bipolarity, there would be no charge parity. Secondly, without bipolarity, condition (2) in Law 9 cannot be met and there would be no CPT symmetry. Thirdly, without bipolarity, there would be no dynamic equilibrium, no order, no harmony, no mind, no truth, no agent, and no universe.  Table 6 shows a simulated example of bipolar equilibrium-based rebalancing to G-CPT symmetry. Figure 9 shows the wave forms of each element in the process. Evidently, without bipolarity, classical linear algebra is inadequate for characterizing bipolar interactions.
Toward Quantum Intelligence
BDL and BQLA provide a mathematical basis for a ubiquitous computing paradigm of quantum agents and quantum intelligence (QAQI) with a number of distinguishing features which are analyzed in this section.
Bipolar Geometry Transcends Spacetime
Bipolar sets and BDL are defined in YinYang bipolar geometry which transcends spacetime [97] with complete background-independence [98] . In the new geometry quadrant is irrelevant; space and time can be emerging factors (Figure 10 and Equation (23)); equilibrium-based bipolar causal sets and BDL can be hosted and used for logical reasoning and quantum computing. While background-independence has been desirable but rarely (0) (0.000 200.000)( −100.000 100.000)(−100.000 100.000)(−100.000 100.000) 1400 0.86 (−100.000 100.000)(−100.000 100.000)(−100.000 100.000) .. ..
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(27) (−100.000 100.000)(−100.000 100.000)(−100.000 100.000)(−100.000 100.000)
.. ..
(−100.000 100.000)(−100.000 100.000)(−100.000 100.000) 1400 1.0 Figure 9 . Simulation of bipolar equilibrium-based rebalancing to symmetry.
achievable in the quest for quantum gravity in physics, it is achieved with YinYang bipolar geometry-so far the only known background independent geometry that leads to logically definable causality with regularity. With the new geometry, bipolar quantum entanglement can be logically defined; space and time can be the result of quantum agent interaction; emotional intelligence can be included in the general category of quantum intelligence. These have not been possible in spacetime geometry such as in string theory or in any other known background independent geometry such as loop quantum gravity. Philosophically, with the new geometry, being and truth including space and time themselves are freed from the physical limitations of spacetime. Scientifically, new discoveries are made possible with the freedom. For instance, the long desired space and time can emerge from the new geometry as a result of particle-antiparticle interaction.
Defined in YinYang bipolar geometry, BDL unified truth, equilibrium, causality and quantum entanglement. In this unification, bipolar quantum entanglement-a truth-based paradox in spacetime becomes a sound new law in the new geometry. A key element in the unification is BUMP that leads to YinYang bipolar relativity and quantum entanglement of negative-positive energies, formally, ∀a, b, c, d, we have ψ(a(t x , p 1 )) * φ(b(t x , p 2 ))) ⇒ (χ(c(t y , p 3 )) * ϕ(d(t y , p 4 ) ))].
In Equation (29), a(t x , p 1 ), b(t y , p 2 ), c(t x , p 3 ), d(t y , p 4 ) are any bipolar agents where a(t, p) stands for "agent a at time t and space p" (t x , t y , p x and p y can be the same or different points in time and space). An agent without time and space is assumed at all time and space p. An agent at time t and space p is therefore more specific. The geometry in Figure 10 can be deemed a generic bipolar geometry which can be integrated into a multidimensional equilibrium using BQLA (see Figure 3, Figure 6, Figure 7 ).
BDL Is Computational
Classical 1 st order logic or Boolean logic is derivable from BDL but not vice versa ( [9] , Ch 3) [59] . This can be observed from the equilibrium-based axiomatization in Table 4 . In this table all rules except BUMP can be seen linearly equivalent to their truth-based counterparts and MP can be derived from BUMP but not vice versa ( [9] , Ch 3). This observation qualifies BDL as a non-linear bipolar dynamic generalization of 1 st order logic from truth-based to equilibrium-based domain. Despite the non-linearity, BDL satisfies the law of excluded middle and is contradiction-free ( Table 2 ). In addition it has led to the generalizations of equivalence relation to equilibrium relation, fuzzy sets to bipolar fuzzy sets, fuzzy similarity relation to quasi-equilibrium relation, and linear algebra to bipolar quantum linear algebra [9] . Thus, BDL is equilibrium-based logical and computational.
BDL Leads to Logically Definable Causality
Since classical modus ponens (MP) can be derived from bipolar universal modus ponens (BUMP) but not vice versa ( [9] , Ch 3), BUMP is qualified to be an equilibrium-based generalization of MP from spacetime geometry to YinYang bipolar geometry. Since for all bipolar equilibrium functions φ, ϕ, ψ, χ, if (φ ⇒ ϕ) and (ψ ⇒ χ), we must have (φ * ψ) ⇒ (ϕ * χ), BUMP formally defines fundamental, non-linear dynamic, and logically definable equilibrium-based causality with regularity for the first time ever ( Table 3, Table 4 ). On the other hand since equilibrium or non-equilibrium of any agent is a fundamental concept in both the quantum world and the biological world, bipolar causality provides a logical basis for quantum entanglement and quantum intelligence.
Why unipolar truth-based modus ponens (MP) in the form "A→B, A then B" cannot provide logically definable causality with regularity? This is an interesting question that has been without an answer for thousands of years. Compared with BUMP, it is evident that truth variables in MP are static but causality needs dynamic semantics such as bipolar fusion, fission, annihilation, and oscillation for equilibrium, non-equilibrium or quasi-equilibrium. For instance, using MP false→true is true and true→true is also true; it is impossible to have dynamic operations with formal cause-effect relations for bipolar agent interaction such as Why cannot the other families of multivalued logic [99] , fuzzy logic [100] , intuitionistic logic [101] , paraconsistent logic [102] , and quantum logic [103] provide logically definable causality with regularity? This is another interesting question that has been without an answer for many decades. Among different reasons, a fundamental one is that all these logical systems are static truth-based extensions to classical logic that bear no bipolar equilibrium-based dynamic semantics. But any being or agent including the universe itself must be in certain bipolar equilibrium or non-equilibrium.
BDL Leads to the Unification of Physical and Social Quantum Relativity
BUMP logically (not quantitatively) defines quantum relativity with bipolar variables of action-reaction in the physical world or competition-cooperation in the social world [9] . It can be stated that, for all bipolar variables or functions φ, ϕ, ψ, and χ, IF (φ ⇒ ϕ)&(ψ ⇒ χ), THEN the bipolar interaction (φ * ψ) implies that of (ϕ * χ) or formally expressed as (φ * ψ) ⇒ (ϕ * χ). Table 4) . It can be stated as, for all bipolar equilibrium functions φ, ϕ, ψ, IF (φΩϕ), THEN we must have (φ * ψ) ⇔ (ϕ * ψ). Since this quantum entanglement is equilibrium-based and ubiquitous, it can be logical, physical, social, biological, or mental; and it provides a basis for mind-body unification (see Law 8).
BDL Is Simple and Meaningful
BDL is simple and meaningful. While it is significantly more complex than Boolean logic at the elementary level, it is much simpler than string theory and M-theory. Unlike string theory, which predicts the existence of monopoles and strings-imaginable but untested quantum agents or beings, BDL is based on dipoles, particle-antiparticle pairs, action-reaction and input-output which are well-observed physical realities. Although it is a long tradition in logic and mathematics to treat +1 and −1 as isomorphic pairs, but no physicist would say electron is isomorphic to positron and no scientist would ask their children to learn math without negative numbers. The Nobel Prize level discoveries on parity non-conservation and CP-violation have proven the non-isomorphic bipolar coexistence of the negative and positive poles or the Yin and Yang of nature in a dynamic equilibrium of symmetry or broken symmetry. After all, BDL is a dynamic generalization from the static truth domain to the dynamic equilibrium domain. The latter can be deemed a domain of holistic truth with logically definable causality.
BDL Presents an Equilibrium-Based Axiomatization for Physics
Following the 2 nd law of thermodynamics, BDL leads to a supersymmetrical bipolar equilibrium-based axiomatization of physics as shown in Table 4 -a minimal but most general solution to Hilbert Problem 6-"Axiomatizing all of physics" [104] . After a century, Hilbert's Problem 6 is now widely deemed unsolvable. With the minimal but most general solution we have the prediction that, although Hilbert Problem 6 is not solvable with truth-based reasoning, it is solvable with equilibrium-based reasoning [9] [105]. BDL can be used for revealing the ubiquitous effects of quantum entanglement in social, mental, and biological worlds as well as logical and physical worlds [9] [105] . The possible revelations are due to the fact that BDL is based on bipolar sets whose elements can be entangled bipolar agents with the fundamental properties of (1) dipoles, particle-antiparticle and action-reaction pairs, negative-positive energies; (2) genomic repression-activation of the ubiquitous genomic regulator protein Yin Yang 1 [63] and input-output energies of any biological system at the molecular, cell or organism levels; (3) competition-cooperation in socioeconomics; (3) self-negation and self-assertion abilities in mental health; (4) quantum bipolarity for quantum-digital compatibility in quantum computing ( [9] , Ch 7).
BDL Can Be Used for Revealing the Ubiquitous Effect of Quantum Entanglement
It is evident from Figure 6 that, without bipolar quantum entanglement, there would be no atom-atom level entanglement. Therefore, it can be posited that bipolar quantum entanglement as a basic type of entanglement may lead to quantum-digital computing and communication with a number of advantages such as breakthroughs in teleportation, bitwise-encryption, quantum-digital compatibility, and enhanced security ( [9] , Ch 7) [33] .
In the social world, an example bipolar cognitive map (BCM) of international competition-cooperation relation after the cold war is shown in Figure 11 together with its bipolar transitive closure (see Equation (14))-an entangled causal equilibrium relation [57] . Such an equilibrium relation can be used to classify the countries into different coalition, conflict and harmony clusters for multiagent decision analysis, prediction and coordination [57] [58] .
In the mental world, an application example of bipolar causal inference in psychiatric medicine is illustrated in Figure 12 [72] . 
BDL Leads to a Reincarnation of Philosophy
Due to its lack of a formal logical basis, the Dao of YinYang has never reached the status of science philosophy. With BDL, the Dao of YinYang leads to an equilibrium-based scientific reincarnation of philosophy [97] . It can be deemed a unification of science and philosophy as evidenced by the fact that BDL is a philosophical logic but also a formal mathematical logic with an equilibrium-based axiomatization of physics. On the other hand, it is a unification of reductionism and emergence. While reduction to absolute being and truth has been widely deemed impossible, reduction to bipolar dynamic equilibrium seems to be possible because the universe is believed a dynamic equilibrium of particles and antiparticles or negative and positive energies. From a different perspective, bipolarity has led to a completely background independent YinYang geometry that makes the emergence of being and truth possible through equilibrium-based causality or quantum entanglement. Namely, space and time can be effects caused by bipolar interaction and can emerge in the new geometry [77] [97] .
It should be remarked that YinYang is fundamentally different from Western metaphysics and dialectics. While Western metaphysics is truth-based and dialectics is contradiction-based, YinYang is equilibrium-based. Evidently, the equilibrium of negative and the positive poles or the input and output as a fundamental scientific concept has nothing contradictory. This is further supported by the fact that, while dialectics is not a formal logic and accused of obscurity and idealism or materialism, BDL has been shown a formal non-linear bipolar dynamic generalization of Boolean logic.
With energy-information unity, BDL can also be deemed a unification of realism and idealism. The word "realism" used to bear with two fundamentally different philosophical connotations: Platonic realism or Aristotelian realism. The disparity is originated from the historical student-teacher dispute between Aristotle and Plato. Platonic realism is usually used to refer to the idea of universals or abstract objects. As universals were considered by Plato to be ideal forms, this stance is also confusingly called Platonic idealism. In Aristotle's view, however, universals exist only where they are instantiated; they exist only in things, never apart from things. Scientific local realism has taken Aristotle's side for most of the times. Now the phenomena of quantum entanglement, global economy, and global warming are changing the tide. Many believe that local realism is unrealistic in the quantum world. The equilibrium-based approach to quantum entanglement seems to present a logical unification of both sides, where Aristotle's local realism (as advocated in the EPR argument) is accounted for by truth-object(s) hosted in local equilibrium or non-equilibrium and Platonic global realism or idealism (as advocated by Bohr's quantum non-locality) is accounted for with global equilibrium or non-equilibrium. Thus, BDL and BQLA make it both philosophically and scientifically possible to have local realism embedded into a deeper reality in which undivided wholeness prevails [40] . It is interesting to notice that, the deeper reality seems to satisfy Einstein's concept of causality with (a) regularity; (b) locality; (c) symmetry considerations leading to conservation laws; (d) mutuality of causal interaction [34] .
BDL Leads to Mind-Body Unity
Mind-body duality or dichotomy has been a major barrier to the understanding of human intelligence. The origin of this barrier has been an unsolved mystery in science. With the equilibrium-based approach to logical and mathematical computation, the origin is located and the barrier is penetrated. Specifically, because truth and falsity form a dichotomy, truth-based reasoning cannot reach mind-body unity. Therefore, the barrier has been virtually a conceptual one right in our own mind for all the centuries.
Since mind and body can be both hosted in the equilibrium-based background independent YinYang bipolar geometry (Figure 10) , the equilibrium-based approach brings the mind-body dichotomy into a holistic logical unity based on energy-information unity. Since our mind can be characterized as an entanglement of multidimensional dynamic equilibrium states with neuro-biological, neuro-chemical, neuro-electromagnetic, neuro-dynamic and other quantum dynamic aspects, mind and body together can be modeled as a unitary quantum agent (Figure 6, Figure 7 ) to which the causation laws (Laws 1 -9) provide an axiomatic basis for quantum intelligence. A simple example is image-vocabulary-sound-taste mental entanglement of a fruit such as an apple. When we think about an apple, we have a mental image that may be entangled to the word "apple", its pronunciation and its taste. While a truth-based approach provides no logically definable entanglement, equilibriumbased bipolar quantum entanglement lends itself as a formal analytical system for causal propagation with mindbody unity. This hypothetical example points to an equilibrium-based approach to associative memory modeling for future research.
Challenges
QAQI is faced with numerous challenges. Three of them are outlined in this section.
Equilibrium-Based Logical Completeness
A major theoretical challenge is to prove equilibrium-based completeness of BDL. Gödel's incompleteness theorems [106] stand out as a landmark in truth-based logical reasoning that has been deemed by many as impassable. His first incompleteness theorem shows that systems having at least the properties of Peano arithmetic cannot be both complete and consistent. Gödel's 2nd incompleteness theorem shows that no system with such properties can be proven consistent within itself, unless it is an inconsistent system. But BDL and BQLA as a non-linear bipolar dynamic generalization of Boolean logic from truth domain to equilibrium (or holistic truth) domain must supersets Peano arithmetic and has to overturn Gödel's two theorems by proving its own consistency within itself. Otherwise, there must be a further generalization to supersets the equilibrium-based one.
It is reported that, the ancient paradox of the liar was the original inspiration for Gödel's incompleteness theorems ( [107] , p. 221). The paradox, which was known even to Aristotle, consists of a single sentence L "This sentence is not true". If L is true, then L is not true. Thus, L is both true and false. But that is against the fundamental law of non-contradiction. So we have the liar paradox.
Subsequently, a key for an overturn of Gödel's incompleteness theorems is the elimination of the liar paradox. Evidently, the four values of BDL are equilibrium (−1, +1), non-equilibrium (−1, 0), non-equilibrium (0, +1), and eternal equilibrium (0, 0), where the liar's paradox is left no room. However, a formal overturn of Gödel's incompleteness theorems still remains a great theoretical challenge in logical reasoning which is left open for further research effort. It is predicted that, although Gödel's incompleteness theorems cannot be overturned by any truth-based logical system, it can be overturned by an equilibrium-based one [105] .
Transformation of Equilibrium-Based Causality to Truth-Based Representation
Under certain condition, bipolar quantum causality is deterministic in equilibrium-based terms. But equilibrium is not as self-evident as truth-based representation. A major theoretical as well as practical challenge is the transformation of equilibrium-based causality to truth-based representation. Such transformation is expected to result in major applications:
• Quantum computing so far largely remains a truth-based approach that inherits some binary features from classical digital computing. This heritage has never been challenged. Bipolar quantum logic gates present an equilibrium-based approach to quantum computing [33] . Equilibrium-based to truth-based causality transformation may lead to bipolar coding for quantum-digital compatibility and bitwise encryption in quantum computing and communication.
• The transformation may find major applications in computational biology and breakthroughs in quantum biology [108] .
• It may play a pivotal role in the understanding as well as the modeling of memory formation and brain system organization of biological and artificial agents for quantum computational intelligence as well as quan-tum cognition [109] .
• It may play a pivotal role in quantum cosmology and astrophysics.
• It may find major applications in economics and social science.
• It may lead to breakthroughs in medical science especially in holistic medicine such as Traditional Chinese Medicine (TCM).
Quantum Data Mining and Knowledge Discovery
A major advantage of bipolar causal reasoning lies in its bipolar inductive reasoning as well as deductive reasoning (see Theorems 1 -2). While bipolar deductive reasoning leads to effects from causes, bipolar inductive reasoning can be used to determine hidden causes from observed effects. Thus, applying bipolar causal reasoning for data mining and knowledge discovery presents another major potential and another major challenge. As an alternative to truth-based association rule mining and knowledge discovery, an advantage of bipolar association is to take into account of both negative and positive sides in a holistic way for a category of major decision tasks. A major challenge is how to identify bipolar agents and then mine bipolar association rules for physical, biological, mental, medical and socioeconomical predictions.
Case 1. Exploratory Scientific Knowledge Discovery
Let ψ = (ψ − , ψ + ) = (negative, positive) be a bipolar predicate and a, b, c, d be any four bipolar subatomic particles that can change polarity [78] . ∀a, b, c, d with time t and space p, we have:
Evidently, any proof of association in the above logical equation could lead to a major scientific discovery. But the difficulty is how to identify bipolar associations in the precedents with time t and space p and a supporting probability x and y as (1) ψ(a(t x , p 1 ))⇒ψ(c(t y , p 3 )), support = x% and (2) ψ(b(t x , p 2 ))⇒ψ(d(t y , p 4 )), support = y%.
Case 2. Bioinformatics Data Mining and Knowledge Discovery
Quantum computing is warming up. Quantum computers are expected to add tremendous computational speed and power to scientific explorations into the microscopic and macroscopic agent worlds. The quantum nature of biological agents, however, is still a mystery. Ball's Nature News reports [53] predict that "The key to practical quantum computing and high-efficiency solar cells may lie in the messy green world outside the physics lab". Ball cited research results from two teams [108] to back his claim up.
Quantum biology refers to applications of quantum mechanics to biological agents and problems. These applications entail the "non-trivial" quantum features such as superposition, non-locality, entangled tunneling, as opposed to the so-called "trivial" but ubiquitous quantum mechanical nature of chemical bonding, ionization, and other phenomena that are the basis of the fundamental biophysics and biochemistry of organisms. Few have, however, attempted to unify the two features into a fundamental quantum theory for bioinformatics and computational biology. A barrier to the unification is the unknown quantum causality which has been long deemed unattainable.
The impassable barrier has been penetrated by BUMP. Let ψ = (ψ − , ψ + ) = (repression, activation) be a bipolar predicate for the abilities of regulator genomic agents such as YY1 [63] ; let φ = (φ − , φ + ) = (repressability, activatability) be a predicate for the bipolar capacities of regulated agents; let (χ − , χ + ) and (ϕ − , ϕ + ) be any bipolar predicates; let a, b, c, d be any agents. YinYang bipolar quantum entanglement or BUMP can be deemed a fundamental law for equilibrium-based regulation of gene expression, mutation, and molecular interaction in bioinformatics. Formally, ∀a, b, c, d with time t and space p, we have (note: * and ♦ can be bound to granular bipolar logical or physical operators):
The key here is BDL, which has been shown a non-linear bipolar dynamic generalization of Boolean logic from the truth-based world to the bipolar dynamic equilibrium-based world. While in truth-based terms a bipolar agent (such as YY1) cannot be a truth object, in equilibrium-based terms any bipolar agent can be a holistic truth object. The challenge is, however, how to mine equilibrium-based association patterns.
Case 3. Psychopharmacology Data Mining and Knowledge Discovery
Let ψ = (ψ − , ψ + ) = (self-negation, self-assertion) be a bipolar predicate for the mental equilibrium measures of a patient set P at the neurophysiologic level; let (χ − , χ + ) be that of the set P at the mood or behavior level; let φ = (φ − , φ + ) = (negative, positive) be a bipolar predicate for the biochemical capacities of a medicine set M for bipolar disorders; let (ϕ − , ϕ + ) = (un-excite, un-depress) be that for the effects of M at the mental level. ∀a, b, a ∈ P and b ∈ M, we have
The above rule could be discovered as a fundamental law of equilibrium-based brain and behavior, which may be applied in nanobiomedicine for psychiatric mood regulation on an individual and/or a cohort of mental disorder patients. However, its discovery and application post a great challenge which may entail bipolar equilibrium-based probability and statistics-a new area of research For instance, given the text data in Table 7 , how to answer the question: What specific granular bipolar fuzzy operator ( * ) should be used to characterize the neurobiological reactions of a specific or a cohort of patients to their medical treatments or external stimuli? [73] Regardless of the difficulty in equilibrium-based data mining, interestingly, bipolar data and knowledge visualization can be supported with bipolar geometry used as a supporting vector machine [73] (Figure 13 ).
Conclusions
A survey on agents, causality and intelligence has been presented and a computing paradigm of QAQI has been proposed. In the survey, Aristotle's causality principle and its historical extensions by David Hume, Bertrand Russell, Lotfi Zadeh, Donald Rubin, Judea Pearl, Niels Bohr, Albert Einstein, David Bohm, and the causal set initiative have been reviewed; bipolar dynamic logic (BDL) and bipolar quantum linear algebra (BQLA) have been introduced for causal inference.
Despite the widely held view that causality is undefinable with regularity, it has been shown that equilibriumbased bipolar causality is logically definable with BDL and BQLA for causal inference in physical, social, biological, mental as well as philosophical terms. This finding has led to the paradigm of QAQI. In this paradigm, Table 7 . Text for bipolar data mining.
"Negative (depression inducing) medication provides a negative (depressogenic) trigger to un-excite (down regulate) the nervous system of a bipolar disorder (BPD) patient; positive (mania inducing) medication provides a positive trigger to un-depress the nervous system". "For all neurobiological patients a negative trigger brings negative (depressive) feelings and a positive trigger brings positive (euphoric) feeling and vice versa". "A suicidal patient is deeply depressed". "Patient E used to be mentally healthy but got depressed after job-related pressure." "Patient F used to be mentally healthy but became manic after extreme stress." "Patient G used to be mentally healthy but became manic after winning the lottery."
"Patient H became manic after a suicidal attempt." Figure 13 . Bipolar geometry as a generic supporting vector machine for bipolar disorder data and knowledge visualization.
agents in different domains are modeled as quantum ensembles; intelligence is revealed as quantum intelligence; the ensemble formation and change of agents are deemed direct or indirect results of quantum causality starting from quantum interaction and quantum entanglement.
While quantum computing has been focused on developing quantum computers with superposition and quantum entanglement for solving unsolved computational problems, it has been shown that BDL, BQLA and bipolar quantum logic gates provide a formal analytical basis for QAQI. The ubiquitous nature of QAQI has been examined and distinguished from other paradigms. Some major challenges have been identified in equilibriumbased bipolar causal inference, data mining, and knowledge discovery.
It has been shown that logically definable causality led to a number of causation laws and unifications, including but not limited to particle-wave unification, energy-information unification and mind-body unification. These laws have made generic and composite quantum causality logically and mathematically reachable. In particular, the laws have unified quantum agent interaction, quantum entanglement, quantum information, and quantum intelligence.
It should be remarked that
• As a non-linear bipolar dynamic generalization of Boolean logic from the truth-based domain {0, 1} to the equilibrium-based domain {−1, 0}×{0, +1}, BDL makes equilibrium-based causality logically definable but has truth-based logic embedded and does not exclude truth-based logical reasoning and causal inference. On the other hand, the generalization cannot be denied unless being, truth and the universe could escape from bipolar dynamic equilibrium. This fact shows that BDL is a unitary generalization from static truth to dynamic truth. It reflects the reality that any being or agent is fundamentally a bipolar dynamic equilibrium of input and output energies-the origin of information.
• As a causal logic, BDL does not exclude probabilistic and statistical causal reasoning. Instead, bipolar causal inference has opened an equilibrium-based approach to randomness, probability and statistics that post a great challenge to equilibrium-based bipolar data mining and explorative knowledge discovery.
• "Causality is logically definable" has been presented as an equilibrium-based logical theory with illustrations of applicability. While no being or truth can escape from equilibrium or non-equilibrium, it does not suggest that all practical causal relations can be formulated as logical equations without exception. Practically, the search for truth and equilibrium is a forever lasting process. It is certain though that the equilibrium-based and truth-based approaches can complement each other in problem solving especially when and where dynamic equilibrium is central.
• Quantum intelligence (QI) is more general than quantum artificial intelligence (QAI). While QAI may take advantage of the high speed of quantum computing for machine intelligence or data mining, QI is focused on quantum causality for causal inference with the basic assumption that all agents are formed with a collection of subatomic (quantum) particles and the existence of all agents and their changes in the real world are due to quantum causality where equilibrium-based bipolar causality is posited most fundamental. Moreover, QI attempts to reveal the nature of quantum entanglement and its ubiquitous cause-effects. That has been deemed impossible in quantum mechanics and quantum computing. It is made possible with BDL and BQLA, which as non-linear generalizations of Boolean logic and classical linear algebra, respectively, have built a logical bridge from the truth-based agent world to the equilibrium-based quantum agent world.
• While quantum mechanics and quantum computing have been positioned in spacetime geometry, the QAQI paradigm has been presented in the background independent YinYang bipolar geometry that transcends spacetime geometry. Space and time dimensions can, however, be added to YinYang bipolar geometry as emerging factors due to bipolar interaction or entanglement when and where necessary without losing generality.
• The equilibrium-based approach to causality is deterministic under certain conditions. However, equilibrium-based representation may needs a transformation to truth-based knowledge representation for data mining and visualization. This is left for future research effort.
It is interesting to answer a few questions:
(1) "How could your logic be used to represent the fact that tree leaves are green?" The answer to this question is simple. On one hand, since truth-based logic is embedded in BDL, it is part of the generalization. Therefore, truth-based knowledge representation and logical reasoning can still be used freely as long as it does not violate the equilibrium or non-equilibrium conditions of the laws of thermodynamics. On the other hand, since dynamic equilibrium is the essence of growing and aging of an agent, the color change of tree leaves from green to yellow is caused by a dynamic equilibrium of photosynthesis with logically definable quantum causality-a focal point of this work.
(2) "Isn't bipolar dynamic equilibrium contradictory?" The answer is NO. When a sentence is both true and false, we have a contradiction. When the negative pole and the positive pole (or the input and output) of one agent are balanced, we have a dynamic equilibrium that has nothing contradictory as we say "the universe is a dynamic equilibrium" and we don't say "the universe is a contradiction".
(3) "BDL is too simple but why is it so confusing?" BDL is once said too simple by one reviewer but too confusing by another. Evidently, BUMP is simple but more complex than MP and BDL at the elementary level is also simple but significantly more complex than any truth-based logic. As Niels Bohr famously stated, "Those who are not shocked when they first come across quantum theory cannot possibly have understood it". It is natural to feel confused sometimes. Nevertheless, BDL has built an equilibrium-based logical bridge from the truth-based world to the quantum world that makes quantum causality and entanglement definable in simple logically comprehendible terms and forms. Hopefully, one of its significance lies in its simplicity in resolving the confusion.
(4) "How could your logic lead to so many different unifications so easily? Wouldn't that be pseudoscience?"
The answer to this question is also simple. First, any logically definable causality must show its computational power for a number of unifications. Otherwise, the theory would be incorrect or scientifically and philosophically trivial. Secondly, if our universe is regulated by negative and positive energies and consists of particles and antiparticles which can survive both a big bang and a black hole, bipolarity, instead of truth, has to be the most fundamental property of the universe and bipolar dynamic equilibrium has to be the most generic form of any equilibrium or non-equilibrium. Since equilibrium or non-equilibrium is central in the laws of thermodynamics, BDL can be deemed a logical formulation of these laws from which nothing can escape as we say "everything in the universe including the universe itself comes to exist as a dynamic equilibrium or non-equilibrium" and we don't say "everything in the universe including the universe itself comes to exist as static truth and/or falsity". Since the laws of thermodynamics are paramount in modern science that provides the ultimate source of causality for existence, energy, life, and information, a sound logical formulation of these laws has to be scientific but not pseudoscientific in nature, unless it is logically falsified. Furthermore, it is a well-known fact that, while ether, monad, monopoles and strings are imaginable quantum agents but so far untestable, dipoles, particle-antiparticle pairs and action-reaction as the most fundamental elements of the universe are observed everywhere. If, without logically definable causality, Leibniz binary interpretation and Bohr's particle-wave interpretation of YinYang are both scientific, the bipolar interpretation with logically definable causality should be more scientific unless double standards are used. 
